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s e v h (onmxmt^mnt & /c^©^-?* ~> x . 
<t. 

mmmz*itcu*%*'pu <t$>\ m&mmcmm -r 
SulBH'f^cDv.v t>y^c©ffrf2*ft£;-rs#tt«:s-5< 

fcf B-Sf ©MfB 1 -3JiLk©Sty KC*fLT. tttSTTS^t 

Sia-sf ©0t5£© 2 t* » h £i&gr , BifffiflfS© v » f> y 

#«cBg-r^HB#«iii^©^>fff*tt*5$^n. tufa 
i&j-r swjK*sfB^©t§^jgst©ffi&*tr a c i £#$t 
m>m 3 ] m$£ 2 tcistt©#ffira ot, 

lifflBE#fBtt. ? K 1 o«±<0SE»fcr9 K 1 

0«±©4>$!b' h £WT £ 2 ©figti lt7*-7, 

BufBj^Wi&S^m*. 

a) 2©*iifc©. BufB^b'y K MIB 1 -3«_k©SS» 
fi, K RWWIE 1 -?«±©4>£fc t-; h^ffll't, MiB 

mfiBM?Sg«. msttfrs-?'? f>^3n/cfa 

^m^tbtitcMiRmmicm^ . MiBis^t©^.sffl*> 
6i-3«±«o«*aiR-r*ct«:j:oT. ste-rsis 
o'-fefacDe^ htt^^-ti-e t *xwr-2)Hi)fB*ju>'-v'^ e> 
^3 n/cia#»^©*tic:.-r s 2 o©*sfij^££«:*f t, 

r. miiBSfB$tx/c«PI??rlB^C*5WSgt'-y h©2o 
©*/J>B6«*#ftS BiflBji*?aW«. BiffE 

c) 3 etc, &tr„ h©Bfria**?»n^2-3<D^j^?i 

f » h©miia>f=f8S:%]gi:b?:f#SCi?:#tf. Ci*« 
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friaiB-^tJ. 1 og.Mf ? h»>6«fissn > *ytM- 

a r yjS^tgitI^ia^T^cS-5#^ili3n > buIBM- a 

ry«sasBBeat#at*» 6 4ii©ia^wb, $fcs 

fB#©S t' 5- h ©*f ^d&Ktk*** i> fcfeOggT* o 

r. 

M- a r yiS35}gitis^p(CS-2f#^p|$nfc1Il^i , ?flB# 
Sr^M-S" 5 J: "5 OCfltlS 3 titers SPt . 
10 ifulB^fl 3 ftfc«i3$r!B-5f © 1 ofcU:©#14£2l?# S J: 

nfcMiami»n®^gi. 

»4ftltSI3 ft fcSHR© v JU f7 - U^D-T&-,r. 
St. lofiLh©|J8B«»©»lttW*SB*>e». BMfB^ 
^fii©^©ffl^§ffT-SJ:-5(Cl«^3n. Sfc, huIB 
>B^-ti-»SIslSS4cJ;- 3 t:*it)6tifcB!fiBSm3n/t«p 

20 j»sa#«:*jw*«[ge i ~?&L±.<Dmn<Df*i, ^tx<n>i 

JhfciW^o^t^ot, St. Ssfe&i-Sl 

-3©HfriBS^t© v;u 5=- u fviemm 3 n. Htria^jttv-r 
^,-7^^ ^ u i> j; -5 x m?) 3 nfciriB^©*ss* 

30 -r^j: i 5^^3n/cHt(iBm2jja^g<!:. fts*. m 
[if mm 6 3 iiijfcjg 5 K!Bi£©iSB-e& or. 

[HMO! 7] 1**^6 sciatgw^g-c* or. 

40 sia-^tf cctew 5ssa#©m^© 2 1 » h . 
sirs*^©WfBSia^«ctow-5t5ia 1 -o^.±<otf v v± 

tt*^*n. ifriB2'3©^©b*^ Miarn 

©fii^WL/. fjlB2 0©m^t:*y h© 

ifi^-. ioo«©«-mk:**ib#*4. ^i©2iiafil«c 
t9S3*lftfr8BBff^©f * h^r^L. MIB«l©ffe©*t|fiI 

•r.5>ffliJM:A-2.S9©fa^«. ^2©2it^ffii«:i9:^3n 

50 S. 



3 

mi affl^-tfttffllplKCC £ o T^a?> 6 ft £liuiB 1 ofcLL© 

So 

[ 9 ] affsftS 5 cc«tt©*atc* X , 
BUHB1S^O^;l/^^u^^«, afeJiJCcBBBSti, S2* 

-v? MbSft, 

«HB«fi»«, HulBfB-^ffl^:, WnENF^v K WEI 
[00 0 1 ] 

fACcKIU W#»*i*7cS8» (CDMA)^ 

[0 00 2] 

•^csaBstu ffi cr>ta^>6^2CDia^e^3n 

Wo 

[0003] ^©j:5ft^fArffli^wi 

[0004] 1 ofl^SS^ffitt. M-ar y iS^jgtS^ 
89 (QAM) t?£>£o QAMW\ 

<ati <t ras* w-r & c <t «c cfc o x tciasu $ n & ) m 

W^tl^ — flSMCC, M-aryQAMV^T-AtCfc 

i^rS8B^tc<fc->"r«3tia^^ hdSM*. i o g 2 M 

^fUC^ mil 1 6QAMW, §^log 2 16t 
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CCTH 6 4ffl©*^jfi**«* 1 o g,6 4 Tate 
[00051 01(1 «fPt£fcOll2fcSP (tttto%, I ) 

*a-r*w*<ta»» <-r«r*>^ q> ^mtwrn^^ 

6 4*<DV » V'X&Z 6 4~ QAMMftv'Xf* 
10 WfRfB-^ (Mfc'WP? hStfPJJW8B-«t) *^>I$ 

£ D QAMt**BB#«. (■0a*6Oft3XBW»i0 
Tgt£ft&) *£3<t («W*©i-3*«Wcbr*4 

20 jcbcvt, «^±©6 4j£tt**. 6^vh©io©a 

[0 0 0 6] (SXJiKfcVCB 1 + 5QtUta3 
n g£ = (5' + 5 J ) /2i5/5<D3!jE«*rftto% 
^SWcMtt4 5fitc^0l>{itBft 1 0 2£*rr<5) 
^h;H00lt ft^CC*5l^-C«Si 0 4*Jg-T. CCD 
<£B, — »06<I©2 jKK? (flL 0 00 0 00)^ 

*r hot it@ i ^3tis e ( ^io6 (-li-i 

Q) cc<toT*Sti*ffioQAME#*sc©Jll^*«:ia 
^SftTfcD, «>5 loo— a<0 6ffl<D2ii»? : (W. 
30 1 1 0 0 1 1 ) ^LtC^o 

[0 0 0 7 ] £©J: ^ttaSB**®«^*>* £*S 
tt. SmU/c^^ttf 9 h©*t«*KJt (LLR) *« 
W«fcft^S<D##*tA>. S2^f £Mc, CD 
MA->Xf*ACOSfsS2 0 0tCB, «8IS2 0 4^6« 

R*#a-r4»»*fl[]t»»S2 0 2^*ns. 

S2 06 B, MWSttlSSS2 0 2 (CiotSWh 

40 [0 0 0 8 ] -*tc©S3B (-3*0, ItQBE»**-T 
4^W) 2bps/HzJ:0**M^^F«$ 
«ra*tb-ra^, SfS-SHbSft/cfc^ Hi, H^fB-^Sc 

aW»SB-^t*'&SB#IB©^-^ 'J FE«l^6»a* 
B#rak6c*jl*rSfi3nfc8B-^y (y> 

[0 0 0 9 ] 
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LLR(u kJ ) = log 




LLR(u kJ ) = log 
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[00 10] [00 11] 

[£fc2] *10 [^3] 



[0012] 
[»4] 



f exp- 



-D 2 



2^ 2 ^ 2a 2 

KJ:-*T*3*iS<fc5K:, 39* <r) &dHR ( i ) fiS^J* 

[0013] 
[tt5] 

D»=| n -ii 4 | a =(y;-i<) a +(y.-»i) a 

* (4) (2) CcRAT^i, * KE 

|*«:*^*LLR*:JWjr*Ct««r*. 

[0014] 
[KB] 



LLR{v kJ ) 



.log £e* 



log X< 



2c 1 



c<tcc<fcori6lHU#4. (6) «^<dh« 

[0015] 
[«7] 

LLR(u k ) = min [D 2 ]- min [D 2 ] 

q AMm&jmvm^mm&nn -r* c <t tc j: ^ t#*> 

6*l£o M-aryQAM^fAm^ m#E# 



c^o fifoT, m(B©LLR«»^ i aaniE#afco* 

3^T4LLR**«?>Si»^) . mfflOLLRfW*** 

(D 2 ) ft3R»tt^h«tt6ttl>. _LE©»3*W 
20 tt««C«fcoT. #*«3ftfc£TO#«:»T*LLR 

g£) , *(DiB-^#lC*$#£mt^ b^t©lR^o© 

fc. u=l<Dt§^ minD 2 i(u = 0M^ M/ 
2ffl©tb«/SII?<fcm i n D 2 ffi©$C (M/2M<Dtm 

y Ht<fc£iftl?, RtfLhES (7) K^rfi!^©^ 

n&QAM^E#S/cO!2*tt*#©«*tt, 2MB 

[0016] 

CDMA'>XfAO^P 'V ^ 2 x 1 . 2 

288MHzX«3 9. 3 2 1 6 MH z ~C£>£ tffit.-? 
40 «»«ffll%S7-rscc»2 *a ? ^««8. AD 

JE&Htcft 1 ^ n >^ ^ig^, Jt«/aS?«a«:B 2 ^ a 

tf-;h(3[)5 37 6ffl©E#*^6 4- QAMKHCCj: 
50 *JW47 U-A^->T^^> K^-T AlSJCfiStS 



(5) 



[0018] 

z>ct(,c<k~?x, mmfomifo^v t;>y*sco«tt«: 10 

S»f^*J:bOtf««frB*(B«'C*4. JffJiCCtt, CCD 
fi-^^;i/y^^b->^3n, Sfc^u^- HMb3 
ft, cncccfc^r, QAMH^cD^^&cS^SrW© 

[0019] awwcctt* *»wccj:n«. »{r>x-r 

A CC teC > X mm 3 ft & IB^t©£ fc* * h O^^^LStb^r « 

©•7yb*>^«:i^, io«±cDtr^ h/P6»«E 
fe< ifc l o©a«««:36«T4a»i. jfrlB^II§3ft 

/cia-^^fiu < t «> i oo^fts-cSuiH^ia^ 

»*KJ:b*5R«> */c««>«:ffl 6 ft ^ < 

c i cc <fc o r , mnmm 3 ft/ciB#©futa 1 oj^_l<d§ 
[0020] ±ia^rfficc*$i^r . ifriBBBE©^* 

ttccra* «T8B«^<o«rK*ffi#K:*5W ^buib 1 -^±<d 

[0 0 2 1 ] CftCCfcOT, MIBfB-^ffi^, ftf^f 

h . 1 -3«±©HS tr ? h , 1 o£U:<d*WR * h * W 

T£2<Dlf?fc£ LXy Mb3ft> buIB§t^<E>I& 40 

B&fftX. a) 2CDffl^CD, frfaW^tf K BufB 1 o 

i^r, BJfB«l*a^ttco^tcte^r4Jra^illSt*^ 
hffl^-en^nw-r^mtB^^^v^ t*>ys*i so 
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yfce#«^©»jB-r*2o©«ifiS3ii^cc»ur. w 

BiWASCitS^ BulBil^S««, tWB*/^ 
t:>ycD#WcS^i^r*5 0, c) 3 6&c, &tr? 
h OBifia* A 6 ft/c 2 o©«/ME»4 ¥* U , M IB 1 ?* 
£>M£ £ 0 BufBflfB 3 n/cfB-^CD^ t* * h ©fTIB*H»* 

[0 0 2 2 ] ±iB#ffiCt*5t>T, <WBK#tt, log, 

a:cca-2f*a:pisn. swem- a r visas***** 

B4ffl<DiB#**rU *fc#K#tt6e* hrt>6* 
*£3ft£ 0 

[0 0 2 3] *»WKlcfcti«, a«i/Xf-ACC <t 

xbZtctbCDgiMXfo^X, M - a r y tt^JliH^iaCcS 

&m$$t . Miasm 3 n/cis^ia-^o 1 o«±o^i* 
i»SL^sr^or, s^, itrtasft 3n/cmiaSfia# 

JB*^. D 4 *f fST 'Sffll^ai^T^J:^ CC«^R 3 ft /cMIB 
^lflnS^Si, *f«:ttbriBB3n^:a»©^^^^ 
l/^^feot, 1 oiy±cDBulBffl^O^ 1 JJP* 

3ft, friBlft^ , i*»ai5IKtcJ:or3R*6ft/cP 
IBSM3ft/caiaSfiB#^*5WSi5iB 1 o«±(D^<D 
rt, ^< ti> i^<DW&teM^xmtZ\t)Zti?ct& 
mffiOl oiHJ^-j-SWEvjV^^'U^lfi, HUfBffi^ 
(D^^y'UWtfCttfcLX. S*4ttb-CiBS3ftfcl* 
^cD^^a » i'tiot, ^tST^ 1 ^COMIB 

lfi»fl0v;b^^u^-9-CC«tt3ft, BuiB*fl£T^v;l/^ 
^ U ^ if CC <fc o T 3 ft tern iB»5E<0*S*«: T^-T ^> 

8IT*ot t *ffSLrffiH3ft/cauSBlfi^¥ 

#mi*r^^B^si«3ft^o 

[0024] ±!B*KBK:*sl,>T, tijlB«H«SfB^«, ¥ 

s^^^in3ft, sra«»©» i ^sw©fln»«sffi 

3ft^ 0 

[0 0 2 5 ] CftCC^d^r, WIB^^^vy hf>^S 
CD^14CC«, 3 HSl±*Wf 4Bf *CC*5W4SE 

^<Dffim<D 2t'-;F , Hufa^<Dfria§ia-^cc*> 

CcB8*r&fB-^ffi*^<30®*f*W4*^*ft> ^^c, buIB 2 
r*afJCC**iB#(0»^S»Offl*WU, */c, huIB 2 
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[0026] ztc. mnm^^mmm 

[0 0 2 7 ] 3 tnB&ft<D» 1 SDfi^a«, 

1 ofiU:© K» f v h , 1 -3«±©£i>» t* ? h * -6 
2©*BSiUt7*-7? Mb 3 ft. HJiESftaPtt. B9 
82SB#«*. WE*H»K* K flrKlo«±©8»bT* 20 
K BJSB 1 o«±©*i>»tf h CCJMiU lulBIB^coffi 

[0 0 2 9] 

[»»©*»©*»] B3B, -«4 0t6 4 - QAM 
SO tr * h BflKcWiS LT l> £ . 6 f * h ©&BBJUB. 

"q" tf» hB*** «ffi*t?** HHiBSBMcCi 30 
"C£>& 0 #JxB, "i" tf*H*. 813©^*^ hffi© 

or) mtT***. "Q" rtt*>%«*Wll^a«B^ 

X?mt?Z>) o Wittf, Q*fc&<D#2 5««:*4tf * h i 
, tt*T*P-C*0. — ^Q#a©^3?iJ(DfB^ffl i z 

tr?hB±n *;^vyb*>^3n/cQAM 
u — »<D*n»»f«, fcHC-rstr * m^pr* 40 

0, —Sri, oiW*ia{c*LC»jS<D«»»-&tt**» 
[0030] «T©**i*K:*a>T. Kt#tT£ 

*««B>&W¥Br*9, »««ttaE«¥fflr*4. fib 
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scorns, nrnmt* mstctovz^xjibmmomm 
±*acrF*©»2ff<t»3tf^6«asn, asm 

[0 0 3 1 1 MtC. ^;^7^f>^Sn/cQAMM 
B*fc. tt*CD8B#CcBI»-r4K#*J 1 bf* HftfcW* 
ft-r*J:5Cc, i'U-fsi-FftSft*. b**h 

0 0 0 0 0 O^r^-rfB^-3 0 0 B, 4 00*^3 0 
2. 3 0 4, 3 0 6. 30 8, iRO^tfcl 2o 
BI^KX2oBQ#fiJCC*9, CftfcBlfcfvFffi 

0Oit«, jSTte(4B?"S.£3 0 2©ffiB> 

[0 03 2] «B»E#©V7 hflB. KTOB^CJ: 
4 20i»iUt7*-v^ MfcSftSo 

1 = sxxx. xxx=si. f 

cct, i»l«»t^«BU f B/MBWtr* ht? 

[0 03 3] 
[«8] 

[0 03 4] i3tC*t^;l//V7 f>y$n/cQAM 

2o©SMe*; b*m<i&<DVv b&7 s *;)l'V¥ffi<D 

Btt<, C*l6©2tf» hBloOi hi loOq 

Bq 1 (DWBctKtkB^ «IWE#©itKflE»it*ttS[ 
r*^o *f*W«:B. h i 1 BQaSMR^iBttfl 
7?^>0, Sfchr^hQi BIia3a«»iBttSE-C*4. 
^t, ±iB»S (7) "C^it^tifcJcOCC, 

B> c©»wccB*¥ffi»^iffiE«<Dc^n***«) 
«<fc<, SS^^M®«c^cfet*^. ffiot, I 
, iQ, try hJc»T*S**cfc*Jt©JWItB, 

[0 0 3 5 ] 
[K9] 



U2 



jQ\2 



LLR(ij ) = min(A7] ) 2 - min(A/; ) 



[«10] 



LLR(qj) = min(Ae) ) 2 -min(A0p 



[0 0 3 6 ] LLR*»*lWMkl/»**^^v»e> 

ifilMW2ti2>&s Chit H3©*^y7»^K*jtf4 
#IMfcW. 2©MriB»Mir»fcffiW©«t , n«:l8* 

B. OTWIB^^ I OStta^i^flWK't? 
r, h©LLRt«tT4W©»t«W"*. 

OT©«ii*tc*jii'rram'rsr^d r yxA«6 4 -qa 

[0 0 3 8 ] ±»©tt5£9*H3(r>r, «±tttf* h i, 30 
[0039] 

[Sii] 

ILRft) =min(A/ t 1 ) 2 -minCA/, 0 ) 2 

v MbSft/cj=rc*£o cotfr^ «M«riB#tr* h I 

©^a-^'J v Fe«fttWr*<fe0fctfl/%. filT 40 

[0 040] I (Dffl^aJMTT?***^. US! 

$riB#B , H 3 &£*T ftj )V b m<0£M CC * 5 C <b # 

*wr**-&jS*tr©«/hBB« 4 i (-Tftto*, ceo 
ffiBffiRr**#. B3«c^T<fc5*c#»K:Bir& 
o . ccr, i MBfcfflMilLhr l collects: 

£34rr(r»&) ^* I (Outfit (-Ttttofe. I B*a 

ttCO te&£ 0 50 
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[0 04 1 ]^CC, I ©fi^D<fc0**l^ -fe'n 
^U^^hh T©*/NEW*. 

k^cmkrsb i ahphr©*^ «/jmbb i - f 
^ 0 m«, ««*e^i*flfc*c»r4. ice** 

©SI 3 JUKI *4. fi£or, EBB. 1 W**/JM&aPf 

(r&t>%. o. i) , -j-tttofc, o. 9r** 0 
[0042] *»cc, aanaw-^* 5 ^*^ h^a© i w 

•ifPCClfUl^^E#*rcoft/MSlllB, fill£7©;& 
OCfcSfcte^JtBi©^^:*,, r^Ub 

^a±r 7 i 8 ©mcc**aw»e#ffi[B. 5wc*» o 

/c*fftcj:or««:W6^(csnr*5»), HBBtB^i 

[0 043 ] M20«ftB. »¥WK: i a = o <h ur« 

[0 044] 
[tl2] 

min(A/ 1 °) = l + |/| 

©8B»©*>H8B* fitTCCW* a9i©Sfefl=*ffll»r » 

[0 04 5] 
[»13] 

min(A/ l 1 )=l+|/| />0 

\-f J<>0M&iM&& 
1 + /-8 /<-8 

b W-mit *j * -t* a <b ft * J: 5 cc , ffiff^c r >»u ^ l J 
a5r**<t^^f#*c 

[0 04 6] t'^ hi, CDLLR£>R#>&t§ 



(8) 



13 

h^-y^ifii4T*^>^, CCD®**, Q#CD^m^ 

<Dm(<t&&2mmmc&w?2> 0 err. -en-en i, fit 
[0 04 7 ] i a =oti%m-?z>t, 

[0 048 ] 
[•14 3 

min(A/ 2 0 ) = l + (|/|-4) |/|>0 

/ |7|<4,S*IMHR: 



10 



1"/ 

i, = 1 ±{K5&r5<!:> 
[0 049 ] 
[•15] 

min(A/J) = l + (4-|/|) 

/ 

1-/ 

1+(|7|-8) 



|/|<4,»»r*«* 



12 002-330188 
14 

£ g) CD T -rt/ =f ' J X A C C ffl l • j£ CD #4 "C #> & o 
[0 0 5 3 ] q, =0 <b<S^*T^i, 
[0 0 5 4] 

[•18 3 

min(Agf)-l+|e| 
/ 

1-/ 
1 + 0-8 



q a = i tmmvzt, 

[0 0 5 53 
[•19] 

min(Afif) = l+|e| 

/ 

1-/ 



|/|<4 

|/|2 4 P aEftftt*ft 

|/|a4.«»il*ffi* 
/>8 



20 



^tr>ysnyfc*^o»S(D«ftt«:»B*JfflL/"c, ccd 

fcf? h ^*ff -5 L L R WSfcfetCdi!«& ^ 
1ttt^W"r^>S3(D^CD^^^v^ fc*>^£n/c6 4 

[0 0 5 0 ] i 3 =0 i<S^T^t, 
[0 05 1 ] 
C»l 6] 

min(A/ 3 °) = l-f(2-|/|) \l\<2 



30 



l+(|/|-6) 
/ 

i 3 - i <t(Brr*±* 

[0 0 5 2 ] 
[•17] 

min(A/j)=l+(|/|-2) 
l+(6-|/|) 
/ 

I-/ 

/ 

1-/ 



|7|>6 

2*|/|<6,»«itt«# 



40 



2<;|/]<4 

4<|/|<6 

|/|<2,«»ffcMR» 
6*|/|<8,SRrt*S* 

6s\i\<* t mm*m& 

|f|fe8 



6>8 



50 



l+g-8 0<-8 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method and device for 
effectively calculating log likeli hood ratio on each bit in M-aryQAM 
modulated signals transmitted in a commu nication system, in 
order to reduce the time for calculating log likelihood ratio. 
SOLUTION: This method and device uses characteristics of the 
square Carnot mapping in QAM code set in order to reduce the 
number of distance calculation needed in determining log likelihood 
ratio on each bit in M-aryQAM modulated signals. The reduction of 
number of the calculation reduces the much more time needed in 
determining the log likelihood ratio, especially in the case of higher 
order M-aryQAM system. 
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